Abstract-When observers view a vertical triangle-wave luminance profile, they often report a square-wave illusion with a depth component, resembling a corrugated surface. Alternate bars seem to be in front of or behind adjacent bars and the surface appears to be illuminated from the right or left. These perspectives alternate with continuous viewing. One explanation for this illusion stems from the notion of instability among phase-selective mechanisms. Two experiments (1 and 3) were designed to determine whether systematic phase shifts introduced between the fundamental and the odd harmonics of the waveform would lead to a systematic bias of the illusion. The results indicated that a significant bias occurred when a phase shift as small as 9 deg was introduced, and that the bias from the phase shifts was more powerful than previous reports of drift-induced bias. There was a highly significant effect of direction of phase shift and the corresponding perceived direction of illumination. Another experiment (2) was designed to determine if illusional cues within the phase-shifted profiles aided phase discrimination. The results indicated that experienced subjects, presumably using cues within the profiles, discriminated between the stimuli significantly better than did naive subjects. These data support the role of phase in the square-wave illusion, but they also raise questions about the role of contrast changes in local regions of the stimulus.
INTRODUCTION
first reported the "novel illusion of bars made from triangles". They suggested that the square-wave illusion described when observers viewed a triangle-wave grating may help in our understanding of phase-selective mechanisms in the visual system. When the illusion is reported, observers describe a threedimensional image of alternating light and dark illusory bars which appear to be illuminated from either the left or right. The luminance peak of the triangle-wave grating is associated with the edge of a bright illusory bar. If this illusory bar appears to the right of the triangle-wave peak, then the perceived corrugated surface appears to be illuminated from the left. If the illusory bar appears to the left of the peak, then the perceived corrugated surface seems to be illuminated from the right. A similar and complementary description pertains to the dark bars of the illusory square-wave and the troughs of the triangle-wave. These perceptual outcomes are illustrated in Fig. 1 . The light bars may appear to the left or right of the peak, and the percepts switch back and forth with continuous viewing. In this respect, the alternations between left and right appear to be 180 deg shifts in phase for the illusory square-wave. Leguire et al. (1981) concluded that certain phase relationships, which give rise to the perception of abrupt edges, are more readily processed by the visual system than are gradual luminance gradients. Their findings were consistent with others supporting the existence of a phase selective mechanism (Maffei and Fiorentini, 1973; Stromeyer et al., 1973; Stromeyer and Klein, 1974, 1975; De Valois, 1977; Arend and Lange, 1979; Burr, 1980; Klein and Levi, 1985; Klein and Tyler, 1986) . They argued that the *To whom correspondence should be sent. illusion stemmed from the instability of the mechanisms coding the triangle-wave phase and the activation of the phase mechanisms sensitive to square-wave profiles. They hypothesized that a square-wave percept could result from a triangle-wave grating if the analysis of the frequency components were performed by an unstable process or one that tended to be biased toward one particular phase relationship (Leguire et al., 1981 (Leguire et al., , p. 1173 .
In contrast, some investigators (Furchner and Ginsburg, 1978; Georgeson and Turner, 1984) proposed that the illusion results from superimposition of the stimulus on its afterimage. This explanation can be viewed as a shift in the phase of Fourier components on the distal (monitor screen) and proximal (stabilized retinal image) aspects of the stimulus. Leguire et al. ( 1981 ) controlled for eye movements by asking subjects to fixate a point on the triangle-wave grating and by tachistoscopic presentation. Both of these should have minimized superimposition caused by eye movements. However, they found no systematic influence on predominance of the illusion using these methods as compared to when subjects were free to scan the stimulus. Furthermore, the illusion is even more prominent with stabilized retinal images (Higgins et al., 1986) .
Whereas most of the literature focuses on manipulations which increase the predominance of the illusion over the triangle-wave, little attention has been given to factors which govern the bias for one particular direction of perceived illumination. However, in a series of experiments, Mapperson (1989) showed that manipulations such as drifting the grating, providing external lighting from either side, or trimming the edges of photos to resemble a square-wave significantly biased the direction of perceived illumination. In his drift experiments, Mapperson suggested that translation of the triangle waveform relative to the retina might be expected to disrupt an unstable phase mechanism and increase the occurrence of the square-wave illusion.
